Autologous hematopoietic cell transplantation (Auto-HCT) is commonly an in-patient procedure. However, Auto-HCT is increasingly being offered on an outpatient basis. To better characterize the safety of outpatient Auto-HCT, we compared the outcome of 230 patients who underwent Auto-HCT on an in-patient vs outpatient basis for myeloma or lymphoma within a single transplant program. All outpatient transplants occurred in a cancer center day hospital. Hematopoietic recovery occurred earlier in the outpatient cohort, with median time to neutrophil recovery of 10 vs 11 days (P o 0.001) and median time to platelet recovery of 19 vs 20 days (P = 0.053). Fifty-one percent of the outpatient cohort never required admission, with this percentage increasing in later years. Grade 3-4 non-hematologic toxicities occurred in 29% of both cohorts. Non-relapse mortality at 1 year was 0% in the outpatient cohort and 1.5% in the in-patient cohort (P = 0.327). Two-year PFS was 62% for outpatient vs 54% for in-patient (P = 0.155). One-and two-year OS was 97% and 83% for outpatient vs 91% and 80% for in-patient, respectively (P = 0.271). We conclude that, with daily outpatient evaluation and aggressive supportive care, outpatient Auto-HCT can result in excellent outcomes for myeloma and lymphoma patients.
INTRODUCTION
High-dose therapy with autologous hematopoietic cell transplantation (HDT/Auto-HCT) is now well established as an effective therapy for multiple myeloma (MM) and lymphoma. [1] [2] [3] [4] [5] [6] Historically, owing to logistical issues and concerns regarding infection and other possible toxicities, HDT/Auto-HCT has been performed in an in-patient setting. However, with improvements in supportive care and careful patient selection, it has become possible to perform HDT/Auto-HCT on an outpatient basis. [7] [8] [9] [10] With advances in Auto-HCT such as use of broad-spectrum antibiotics, peripheral blood derived hematopoietic stem cell products, improved antiemetics and approaches to reduce mucosal toxicity, transplantation has become feasible in an outpatient setting. [11] [12] [13] Outpatient transplants may offer benefit to patients in terms of enhanced comfort, shorter hospital length of stay, decreased exposure to sick contacts and decreased costs and resource utilization. 9, 12, 14 In 2007, the Medical College of Wisconsin and Froedtert Hospital began an outpatient-based Auto-HCT program. To characterize the safety of outpatient Auto-HCT, we analyzed myeloma and lymphoma patients who underwent melphalan or BEAM (carmustine, etoposide, cytarabine and melphalan) Auto-HCT between 2009 and 2012. We directly compared the outcomes of patients undergoing Auto-HCT on an outpatient vs in-patient basis, with special attention on toxicities and complications encountered.
PATIENTS AND METHODS Patients
We performed a retrospective cohort study of 230 patients who underwent a first Auto-HCT between 1 July 2009 and 30 November 2012 for myeloma or lymphoma using melphalan or BEAM conditioning. Patients with amyloid light-chain amyloidosis were not included in this study as these patients typically had much higher levels of comorbidity and all were managed on an in-patient basis. All patients were treated within the Medical College of Wisconsin and Froedtert Hospital Blood and Marrow Transplant Program. There were 135 in-patients and 95 outpatients selected for the study. This included all 95 lymphoma and myeloma patients transplanted on an outpatient basis during that time frame. The 135 patients transplanted on an in-patient basis represented 55% of all lymphoma and myeloma patients transplanted (using BEAM or melphalan, respectively) during the timeframe of interest. After statistical consultation, it was decided that 135 patients would provide sufficient data for comparison with the outpatient cohort. These 135 patients were randomly chosen across the time frame of interest, keeping the proportion of myeloma and lymphoma patients similar to that in the outpatient cohort. A CONSORT diagram is presented in Figure 1 . This study was approved by the Institutional Review Board at Medical College of Wisconsin.
The criteria for consideration for the outpatient Auto-HCT program were based on expected compliance, proximity to the cancer center for daily visits, 24-h caregiver support, favorable performance status and comorbidity profile. Patients meeting the criteria were then given the option to participate in the outpatient program. Patients admitted at any point after beginning outpatient transplantation were analyzed as part of the outpatient cohort, as that was the intended mode of treatment.
Data were abstracted using the EPIC electronic medical record system as well as the CIBMTR (Center for International Blood and Marrow Transplant Research) database. Demographics for each cohort are shown in Table 1 
Management of outpatient cohort
Patients undergoing Auto-HCT in the outpatient program received all of their care in an outpatient day hospital contained within the Froedtert/ Medical College of Wisconsin Clinical Cancer Center. The day hospital is an outpatient center established for patients needing i.v. antibiotics, chemotherapy, blood products, other types of infusions or advanced services that might otherwise require hospitalization. Patients were required to have daily visits with labs (comprehensive metabolic panel and complete blood count) and supportive care (including line care, fluids, transfusion, etc) from start of conditioning until hematopoietic recovery. Patients were evaluated daily by a BMT physician and/or mid-level provider. During the day, physician coverage was provided by the patient's primary transplant physician and, after hours, by the in-patient BMT team. The day hospital was fully functional on weekends and holidays and run by a full nursing staff, pharmacist, hematology fellow or resident and BMT physician. If deemed necessary, patients were admitted to the in-patient BMT unit. Although no specific criteria were created for admission, reasons typically included neutropenic fever, persistent diarrhea, inability to maintain adequate oral intake, uncontrolled pain or hemodynamic instability.
Conditioning regimens
Myeloma patients received the standard chemotherapy regimen of melphalan (typically 200 mg/m 2 ) or, in rarer circumstances, melphalan plus bortezomib. A minority of myeloma patients were treated with reduced doses of melphalan. With the exception of two patients, lymphoma patients received the BEAM conditioning regimen. The two lymphoma patients who received non-BEAM regimens were not included in the study, owing to a different toxicity profile of those conditioning regimens. To make the in-patient and outpatient cohorts more comparable, the rare lymphoma patients who received in-patient conditioning regimens other than BEAM were not included in this analysis, as such regimens were not offered on an outpatient basis.
Supportive care
Before conditioning, all patients had either a peripherally inserted central catheter or a tunneled chest wall central line placed. Outpatient supportive care included daily line care, antiemetics, i.v. hydration, electrolyte replacement and transfusion support. Patients received oral fluconazole and acyclovir for anti-fungal and anti-viral prophylaxis, respectively. Two significant differences between the in-patient and outpatient cohorts were the type of antibiotics and hematopoietic growth factors administered. Once the ANC dropped below 500/μL, the in-patient cohort received ciprofloxacin 500 mg per os two times daily, while the outpatient cohort received i.v. ertapenem once daily. Broader-spectrum antibiotics were provided for the outpatient cohort owing to concerns for delayed onset of treatment if sepsis occurred, whereas the in-patient cohort would have closer monitoring and the ability to begin broad-spectrum antibiotics at first signs of infection. With respect to growth factors, the outpatient group received a single dose of pegfilgrastim on day +1, whereas the inpatient group received daily filgrastim starting on day +5, until the ANC exceeded 500/μL for 2 consecutive days.
Study end points
Neutrophil engraftment was defined as an ANC above 500/μL on 3 consecutive days. Platelet engraftment was defined as a platelet count 420 000/μL without being sustained by transfusion. Grade 3 and 4 toxicities were recorded, using the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. For both cohorts, all hospitalizations were reviewed for length of stay and reason for admission. Unplanned Safety of Outpatient Auto-HCT TM Graff et al admissions were defined as those that were not prearranged before initiation of the conditioning regimen. C. difficile infections were reviewed and categorized as either first-time infections or reactivations. All deaths were reviewed and cause of death determined. Cases in which cause of death was not due to relapse were classified as non-relapse mortality, regardless of time from transplantation.
Statistical analysis χ 2 test and Wilcoxon's rank-sum test were used to compare demographics and treatment-related risk factors. Exact χ 2 tests were used for comparisons involving small cell counts. Kaplan-Meier methods and log-rank tests were used to compare OS and PFS probabilities, and cumulative incidence functions were used for non-relapse mortality, relapse/progression, ANC and platelet engraftment to adjust for competing risks. Relapse/progression was the competing risk of non-relapse mortality, and death was the competing risk for all other outcomes.
RESULTS
Patient, disease and transplant characteristics A total of 230 patients were analyzed, 135 transplanted as inpatient and 95 as outpatient. In the in-patient cohort, 65.2% had myeloma and 34.8% had lymphoma. In the outpatient cohort, 66.3% had myeloma and 33.7% had lymphoma. More than 90% of patients in both cohorts had chemosensitive disease at the time of transplant. There were no statistical differences in age, sex, primary disease or disease status at the time of transplant (Table 1) . However, in the in-patient cohort 26.7% of patients had a Karnofsky performance status (KPS) of ⩽80, compared with 6% in the outpatient cohort (P-value o 0.001). Additionally, there was a trend toward a less favorable HCT comorbidity index (HCT-CI) in the in-patient cohort, with 53% of the patients having HCT-CI ⩾ 3 vs 40% in the outpatient cohort (P = 0.06).
Patients in the in-patient cohort were more likely to receive dose-reduced melphalan for conditioning (14.1% of in-patients vs 6.4% of outpatients) ( Table 1 ). The majority of these patients received Mel140 (12.6% of in-patients vs 1.1% of outpatients; P-value = 0.0008). Outpatient and in-patient received a similar CD34 + cell dose (4.4 vs 4.6 × 10 6 /kg, respectively, P = 0.581). Among the outpatients who were admitted, mean length of stay was 5.4 days (3.9-6.9, 95% confidence interval) vs 19.2 days in the in-patient cohort (18.6-19.8, 95% confidence interval; P-value of o 0.0001).
Toxicities and adverse events Grade 3 and 4 non-hematologic toxicities for each cohort are detailed in Table 2 . Common toxicities included febrile neutropenia, bacteremia, C. difficile infections, mucositis, diarrhea, central venous line complications and engraftment syndrome. No significant differences were evident between the outpatient and in-patient groups for any individual toxicity.
In both cohorts, a significant majority of patients experienced no grade 3 or 4 non-hematologic toxicities (71.1% of in-patients vs Abbreviations: CI = confidence interval; HCT-CI = hematopoietic cell transplantation comorbidity index; KPS = Karnofsky performance status; LOS = length of stay; Mel = melphalan; POEMS = primary secondary nonsecretory myeloma osteosclerotic myeloma. 70.5% of outpatients). Both groups had a similar percentage of patients who experienced 41 toxicity (Table 2) . Overall, central venous catheter complications were low in both cohorts (11.1% of in-patients vs 9.5% outpatients) and included deep vein thrombosis, infections and need for line revisions. Only one patient in the outpatient cohort (1.1%) developed a central line-associated blood stream infection compared with five patients in the inpatient cohort (3.7%) (P = NS). Febrile neutropenia and infections were significant toxicities in both cohorts. Febrile neutropenia occurred in 33.6% of in-patients compared with 29.5% of outpatients, with positive blood cultures in 9.6% of in-patients vs 9.5% of outpatients. Infections, including urine, blood and lung infections per chest imaging, were present in 20% of in-patients vs 18.9% of outpatients. The C. difficile infection rate was similar in both groups (11.6% if in-patient vs 8.4% of outpatients) and no difference was seen in new or reactivation of prior infection. The incidence of grade 3-4 engraftment syndrome was similar in both cohorts, occurring in 23% of in-patients and 20% of outpatients. When analyzing the subset of patients with low (0-2) or high (42) HCT-CI scores, there were no significant differences in the rates of grade III or grade IV complications, central venous line complications, infections or episodes of febrile neutropenia for those transplanted on an in-patient vs outpatient basis (data not shown).
There was a significant difference in the number of unplanned admissions, which were typically due to neutropenic fever, persistent diarrhea, inability to maintain adequate oral intake, uncontrolled pain or hemodynamic instability. Owing to the fact that their transplant was started on an outpatient basis, the outpatient cohort had a significantly higher number of unplanned admissions (33 out of 95) vs the in-patient cohort (16 out of 135). Overall, 88.9% of in-patient and 65.3% of outpatient had no unplanned admissions (P-value of o 0.001). The outpatient cohort had 25.3% of patients with one unplanned admission, 8.4% with two unplanned admissions and 1.1% with three unplanned admissions, compared with 8.1%, 2.2% and 0.7%, respectively, of the in-patient cohort. Of the 33 patients in the outpatient cohort with unplanned admissions, 20 (60.6%) were in the preengraftment period and 13 in the post-engraftment period. For the in-patient cohort, there were 16 unplanned admissions, all of which were post-engraftment since they were purposely kept as in-patients until engraftment. There was no statistical difference in rates of unplanned admissions between the two groups after engraftment (11.9% in-patient vs 13.7% outpatient, P = 0.691). The rate of unplanned admissions decreased significantly over the latter part of the study, with 71.9% of outpatient having no unplanned admissions in 2012.
Transplant outcomes Supplementary Table 1 summarizes outcomes after transplantation for both cohorts. Hematopoietic recovery occurred earlier in the outpatient cohort, with median time to neutrophil recovery of 10 vs 11 days (P o0.001) and median time to platelet recovery of 19 vs 20 days (P = 0.053) (Figure 2 ). There were no statistically significant differences in non-relapse mortality, relapse or progression of disease, PFS or OS between the two cohorts ( Figure 3) .
Earlier neutrophil engraftment was evident for those transplanted on an outpatient basis, in both low and high HCT-CI subgroups. However, mean days to platelet engraftment was significantly earlier for outpatients in the low HCT-CI group (19.3 days for outpatients vs 20.9 days for in-patients, P = 0.037), but not in the high HCT-CI group (see Supplementary Table 1) .
Within the low and high HCT-CI groups, non-relapse mortality, PFS and OS were not statistically different between those transplanted on an in-patient vs outpatient basis (see Supplementary Table 1) .
DISCUSSION
Auto-HCT is well established as an important treatment option for patients with multiple myeloma and lymphoma. Historically, HDT, Auto-HCT and the subsequent supportive care while awaiting hematopoietic recovery has been performed in an in-patient setting. However, with careful patient selection, outpatient Auto-HCT can result in favorable outcomes for myeloma and lymphoma patients. Since 2009, our transplant program has offered a completely outpatient transplant experience to patients with favorable performance status, comorbidity profile, expected compliance and proximity to the cancer center. We sought to carefully study the toxicities, engraftment, non-relapse mortality, PFS and OS in patients undergoing outpatient Auto-HCT, in comparison with a contemporary group of patients managed on an in-patient basis by the same physician group.
By comparing the patient characteristics of the outpatient and in-patient groups, the outpatient group overall had more favorable KPS, and a trend toward lower HCT-CI scores (Table 1) . Although HCT-CI was not formally used as a selection criterion for Safety of Outpatient Auto-HCT TM Graff et al outpatient vs in-patient transplant, this difference was expected and is attributable to the careful selection of appropriate patients for outpatient Auto-HCT. The higher use of reduced dose melphalan conditioning for the in-patients reflects the higher prevalence of frailty and comorbidities in the in-patient group. However, there was considerable overlap in the clinical characteristics, including performance score and comorbidities, of both groups. Overall, there was no difference in the total number of specific or overall grade 3-4 non-hematologic toxicities between cohorts. This included central line-related complications such as infections, thrombosis and the need for revisions. Notably, there were no cases of non-relapse mortality in the outpatient cohort. This indicates that, with proper patient selection, high-dose melphalan and BEAM Auto-HCT can be performed in an outpatient setting with a high degree of safety.
There were some important differences in clinical management of the two cohorts, primarily in the type of prophylactic antibiotic support given during severe neutropenia, and in the type of hematopoietic growth factor. Our outpatient cohort received more aggressive prophylactic antibiotic support for neutropenia (ANC o500) with i.v. ertapenem as compared with oral ciprofloxacin in the in-patient cohort. This difference was a deliberate decision, because the in-patients can be expeditiously switched to broad-spectrum i.v. antibiotic support as soon as fever develops. This would not be the case for a patient whose fever develops at home. In looking at antibiotic resistance post transplant, only one patient in the outpatient cohort had evidence of emergence of a resistant organism, with admission for pneumonia secondary to a carbapenem-resistant pseudomonas 2 years after transplant. In addition, outpatients received a single dose of pegfilgrastim on day +1, whereas the in-patients received daily filgrastim starting on day +5.
Despite the differences in antibiotic selection, G-CSF administration and transplant environments, there were no differences in adverse outcomes such as febrile neutropenia, bacteremia or C. difficile infections between the outpatient and in-patient cohorts. It therefore remains uncertain whether more aggressive prophylactic i.v. anti-microbial therapy is, in fact, necessary for the outpatient group. Figure 3 . Non-relapse mortality at 1 year was 0% in the outpatient cohort and 1.5% in the in-patient cohort (P = 0.327) (a). One-year rate of relapse/progression was 22.9% in the inpatient cohort and 22.0% in the outpatient cohort (P = 0.875) (b). Two-year PFS was 62% for outpatient vs 54% for in-patient (P = 0.155) (c). One-and two-year OS was 97% and 83% for outpatient vs 91% and 80% for in-patient, respectively (P = 0.271) (d).
Hematopoietic recovery occurred earlier in the outpatient cohort for both neutrophils (10 vs 11 days; P o 0.001) and platelets (19 vs 20 days; P = 0.053). This was despite the fact that similar CD34 + cell doses were infused. This may be attributable to the earlier administration of G-CSF in the outpatient cohort (day +1) vs the in-patient cohort (day +5), and/or due to the long-acting formulation (pegfilgrastim) given to the outpatient cohort. A previous study by Ferrara et al. 15 suggested that pegfilgrastim and filgrastim are equivalent in terms of safety and efficacy. However, in that study, pegfilgrastim was given at a single dose on day +5 and filgrastim was started on day +2; median time to engraftment was similar. The earlier hematopoietic recovery in our study in the outpatient group suggests that day +1 administration of pegfilgrastim leads to earlier hematopoietic recovery.
Our study has several strengths. We have a large (n = 230) sample size, using Auto-HCT patients from a single transplant program, over a similar time frame. We restricted our analysis to lymphoma and myeloma patients receiving BEAM or melphalan conditioning. We performed a careful and detailed analysis of toxicities encountered in both groups. Some of the prior studies of outpatient Auto-HCT suffered from small sample sizes, a wide variety of disease types and conditioning regimens, lacked an inpatient comparison group, or had a limited analysis of toxicities. 7, [16] [17] [18] In some previous studies, outpatient Auto-HCT was not performed in a true outpatient setting, but in clinics set up within the in-patient unit. 11, 17 At our institution, all transplant care for outpatient Auto-HCT (including HDT, stem cell infusion, supportive care, etc) is performed in a separate outpatient center with a separate team of pharmacists, nurses and physicians. Additionally, patients do not reside in a building on the medical campus, but at their own home or in an unaffiliated hotel or with a family member or friend, within 30 miles of the medical center.
The main weaknesses of this study include its retrospective nature, the non-random treatment assignment, and the fact that information regarding quality of life and cost/charges was not captured on all patients. We were able to perform a limited analysis of charges on 24 patients. We chose patients who had neutrophil engraftment within 3 days of the median and who had a typical transplant course. For patients transplanted on an inpatient basis, this meant they had a length of stay of 18-21 days without readmissions. For those transplanted on an outpatient basis, this meant they were never admitted. Within these parameters, we randomly selected 12 patients who underwent Auto-HCT on an in-patient basis (six BEAM and six Mel200), as well as 12 patients who underwent Auto-HCT on an outpatient basis (six BEAM and six Mel200). The outpatient BEAM patients had lower charges vs in-patient BEAM (mean US$86 033 vs US$141 649, P = 0.0018). The outpatient Mel200 patients had lower mean charges than in-patient Mel200 patients (US$79 988 vs US$120 545, respectively), although this difference did not meet statistical significance (P = 0.1773). This exploratory analysis suggests that outpatient Auto-HCT may lead to a reduction in charges in the range of US$40 000-US$55 000. One study comparing outpatient Auto-HCT with in-patient in multiple myeloma showed a cost savings of US$19 522 Canadian dollars for those undergoing outpatient Auto-HCT. 19 Jagannath et al. 14 confirmed cost savings in the outpatient setting, due to lower pharmacy, hospitalization and pathology/laboratory charges. 14 In terms of out of pocket costs to the patient, a prior study by Rizzo et al. 20 showed no significant difference for outpatient vs in-patient Auto-HCT. An important area that requires additional study is the impact of transplant setting on quality of life. This is an issue not only for the patient but also for family members since outpatient transplant requires a family member or close friend to take responsibility for the patient when he or she is not at the medical center. 8, 21 We conclude that, with careful patient selection and minor modifications to the management of neutropenia, a fully outpatient Auto-HCT program can be successful. Our coordinated approach has been associated with minimal non-relapse mortality, excellent hematopoietic recovery and acceptable toxicity in lymphoma and myeloma patients undergoing BEAM and melphalan Auto-HCT.
